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(54) Infomnatlon recording method and apparatus with suppressed mark edge jitters 



(57) A method for recording information is disclosed 
in which an information recording medium is irradiated 
with a recording energy beam power-modulated into at 
least a record power level and a record-ready px>wer 
level lower than the record power level. When forming a 
mark portion of a predetermined length, the radiation 
energy of the energy beam is increased as compared 
with when forming a mark portion of a different length 
before or after the first pulse of an energy beam pulse 
train including at least a pulse for forming the mark por- 
tion. /Mso. only in the case where the energy beam is 
modulated by the power lower in power level than the 
record-ready power level after the last pulse of the 
energy beam pulse train including at least one pulse for 
forming a mark portion and the mark portion is followed 
by a space portion of a predetermined length, the par- 
ticular radiation energy of low power level is reduced as 
compared with when the mark portion is followed by a 
space potion of a different length. The radiation energy 
is increased and/or decreased. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a method and s 
apparatus for recording information in an information 
recording medium by radiation of an energy beam, or 
more in particular to an information recording method 
very effective for a phase change optical disk and an 
information recording apparatus using such an informa- io 
tion recording method. 

[0002] A conventional method of recording and eras- 
ing information In a rewritable record film is disclosed, 
for example, in JP-A-62-1 75948 (laid open August 1. 
1987). which uses a magneto-optical disk of an is 
exchange couple double-layered film as a record film. 
Another conventional method for recording and erasing 
information in a rewritable record film is disclosed in JP- 
A-62-259229 (laid open November 11, 1987). which 
uses a record film for a phase change optical disk capa- 20 
ble of high-speed erasure by crystallization within sub- 
stantially the same time as the laser radiation time for 
recording. In these cases, the power of an energy beam 
is alternated between at least two levels both higher 
than the read level, i.e. between at least a high power 25 
level and an intermediate power level. This method has 
the advantage that what is called "ovenwrite" is possible 
with new Information recorded while at the same time 
erasing the existing one. Also, as disclosed in JP-A-62- 
259229 described above and JP-A-3-1 85629 (laid open 30 
August 13, 1991), a record mark can be prevented from 
assuming a shape such that the rear portion of the 
record mark is wider than the front portion thereof by 
changing the energy beam between three levels includ- 
ing a high power level, an intermediate level and a 3s 
power level lower than the intermediate level. 
[0003] Research is under way for increasing the den- 
sity of a rewritable digital video disk (DVD- RAM) using a 
phase change record film. In an optical disk device for 
performing the mark edge recording in a phase change 40 
record film such as the DVD-RAM, substantially the 
same temperature and substantially the same cooling 
rate are required for recording at every part of the outer 
edge where the record film is melted for forming a 
record mark or a mark portion in order to prevent a mark 45 
shape distortion and residue. The various record wave- 
forms thus far known, however, fail to meet these condi- 
tions sufficiently and the feasible recording density is 
limited. Especially with the DVD-RAM having a record- 
ing capacity of 4.7 GB or more, the distance between so 
centers of laser beams radiated onto a recording 
medium to form adjacent two mark portions thereon is 
small as compared with the diameter of the laser beam 
spot, with the result that light is considerably overlapped 
in distribution. It is necessary to prevent a record mark ss 
distortion caused by this phenomenon. In the case 
where the space portion between mark portions is 
short, the record mark edge position of a reproduced 



signal waveform shifts due to the fact that such mark 
portions cannot be resolved by the beam spot. This 
inconvenience is also required to be prevented, 
[0004] With the increase in digital signal processing 
rate in recent years, demand has been rising for an 
increased recording and reproduction rate of an Infor- 
mation recording apparatus. In order to meet this 
demand, a higher relative speed between an energy 
beam and an information recording medium has 
become crucial. Therefore, an information recording 
method is required which is capable of performing a sta- 
ble recording operation even in tiie case where the rela- 
tive speed between an energy beam and an Information 
recording medium is high. 

SUMMARY OF THE INVENTION 

[0005] The object of tiie present invention is to provide 
an information recording method and apparatus capa- 
ble of recording information with high density. 
[0006] The invention is suitable for recording informa- 
tion accurately In the case where the recording density 
is high and/or the relative speed between an energy 
beam and an information recording medium is high. 
[0007] On the other hand, a technique for reducing the 
track pitches is under development with tiie intention of 
increasing tiie recording density A method exists, for 
example, in which information is recorded in both 
grooves and lands (areas between grooves) formed on 
an information recording medium. According to this 
method, crosstalks of reproduced signals from lands to 
grooves or from grooves to lands can be cancelled by 
setting the grooves to a proper depth (optical phase dif- 
ference between lands and grooves). 
[0008] The heat generated by tiie energy beam is 
used for recording information. Therefore, thermal inter- 
ferences occur to adjacent tracks (grooves adjacent to 
lands or lands adjacent to grooves) in the case where 
the energy beam position cannot be controlled in stable 
fashion. This leads to the problem that the information 
recorded in adjacent tracks is erased. 
[0009] The present invention is suitable for recording 
information accurately without erasing the information in 
adjacent tracks even in the case where tiie information 
is recorded in an information recording medium having 
narrow track pitches or especially an information record- 
ing medium corresponding to the land/groove recording 
scheme and in the case where the track pitches are not 
more than the diameter of the recording energy beam. 
[001 0] Anotiier crucial problem is how to improve the 
recording sensitivity. Normally, with the increase in rela- 
tive speed between the information recording medium 
and the energy beam, the energy beam passes a record 
mark on tiie information recording medium witiiin a 
shorter time. Thus, the amount of energy radiated on 
the information recording medium in a unit time is 
reduced, and therefore the portion of the record film to 
be formed with a record mark is often insufficientiy 
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heated. Also, accurate recording, which can be accom- 
plished with pulses of very narrow width, requires a high 
peak laser power. 

[0011] The present inverrtion is also suitable for 
recording information accurately without a large energy 
beam power in the case where the relative speed 
between the information recording medium and the 
recording energy beam is increased and/or in the case 
where information is recorded in an information record- 
ing medium liable to be cooled rapidly. 
[001 2] According to one aspect of the invention, there 
is provided a method of recording information in a 
recording medium capable of being set in a first state of 
a second power level and in a second state of a third 
power level higher than the secortd power level of an 
energy beam, in which the energy beam is radiated 
while moving the energy beam arKi the recording 
medium relatively to each other and information in 
terms of the length and interval of mark portions in the 
second state is recorded in the recording medium, the 
method comprising the first step of irradiating the 
recording medium with an energy beam of a first iDOwer 
level lower than the second and third power levels 
before and/or after recording the information, the sec- 
ond step of irradiating the recording medium with at 
least one pulse of one or more energy beam pulses of 
the third power level for forming a mark portion in the 
second state, and the third step of irradiating the record- 
ing medium, before or after the first pulse of one or more 
energy beam pulses for forming the mark portion, with 
an energy beam pulse of a radiation energy larger in the 
case where the mark portion in the second state has a 
first length than in the case where the mark portion in 
the second state has a second length. 
[0013] In the above-mentioned method, the third step 
can be replaced by an equivalent third step of. in the 
case where the space portion following a mark portion 
in the second state has a first length, irradiating the 
recording medium, after the last pulse of one or more 
energy beam pulses for forming the mark portion, with 
an energy beam pulse having an energy smaller than in 
the case where the space portion has a second length 
and at a power level lower than the second power level. 
[0014] In the last-mentioned method, the two third 
steps can of course be employed at the same time. 
[0015] According to another aspect of the present 
invention, there is provided a method of recording infor- 
mation in the form of space and mark portions on a 
recording medium capable of assuming first and second 
physical states corresponding to space and mark por- 
tions of information, respectively, the recording medium 
being irradiated, to produce a length of a portion of the 
recording medium in the second physical state, with an 
energy beam being movable relative to the recording 
medium and being modulated to have power levels var- 
ying with time in a pulse waveform in accordance with a 
mark portion of information, wherein: 



the pulse waveform includes an information pulse 
section having at least one pulse serving to form a 
second physical state recording medium portion 
and a mark edge adjusting pulse section continu- 
5 ous with the information pulse section, the mark 

edge adjusting pulse section being cooperative with 
the information pulse section to define the length of 
the second physical state recording mediurh portion 
to be produced. 

10 

[0016] According to still another aspect of the inven- 
tion, tiiere is provided an apparatus for recording infor- 
mation in a recording medium capable being set in a 
first state of a second power level and in a second state 

IS of a third power level higher than the second power level 
of an energy beam, the apparatus comprising ah energy 
beam radiation means and means for moving the 
energy beam and the recording medium relative to each 
other, the information being recorded on the recording 

20 medium in the form of length and space of a mark por- 
tion in the second state, wherein the energy beam radi- 
ation means includes a waveform generating circuit 
having first means for irradiating the recording medium 
with a beam of a first power level (PI) lower than the 

25 second and tiiird power levels before and/or after 
recording the information, second means for irradiating 
the recording medium with at least a pulse of one or 
more energy beam pulses of the third power level for 
forming a mark portion in the second state, and third 

30 means for increasing the radiation energy in the case 
where the mark portion in the second state has a first 
length as compared with when said mark portion in said 
second state has a second length, before or after the . 
first pulse of one or more energy beam pulses for form- 

35 ing the mark portion. 

[0017] According to yet another aspect of the inven- 
tion, there is provided an apparatus for recording infor- 
matiori in a recording medium capable of being set in a 
first state of a second power level and in a second state 

40 of a third power level higher than the second power level 
of an energy beam, comprising energy beam radiation 
means and means for moving the energy beam and the 
recording medium relative to each other, the information 
being recorded on the recording medium in the form of 

45 length and interval of a mark portion in the second state, 
wherein the energy beam radiation means includes a 
waveform generating circuit having first means for irradi- 
ating the recording medium with a beam of a first power 
level (PI) Icwver than tiie second and third power levels 

so before and/or after recording the information, second 
means for inradiating the recording medium with at least 
a pulse of one or more energy beam pulses of the third 
power level for forming a mark portion in the second 
state, and third means for irradiating the recording 

55 medium, in the case where the space portion after a 
mark portion in the second state has a first length, with 
an energy smaller than when the space portion follow- 
ing the mark portion has a second length, at a power 
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level lower than the second power level after the last 
pulse of one or more energy beam pulses for forming 
the mark portion. 

[0018] In this specification, at least an energy beam 
pulse train for forming a mark portion is defined as a s 
train of pulses for forming a mark portion arranged sub- 
stantially equidislantly with a shorter interval than the 
channel clock in the recording apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS io 

[0019] 

Fig. 1 is a diagram showing an example structure of 
a recording medium usable by the present inven- is 
tion. 

Fig. 2 is a block diagram showing a recording appa- 
ratus according to an embodiment of the invention. 
Fig. 3 shows waveforms for explaining the informa- 
tion recording according to the prior art. 20 
Figs. 4 to 7 show waveforms for explaining the infor- 
mation recording according to other embodiments 
of the invention. 

Fig. 8 is a diagram showing the relation between 
the width off a cooling pulse and the trailing edge jit- 2s 
ter of a mark portion according to an embodiment of 
the invention. 

Figs. 9A, 9B, 10A, 10B show waveforms for explain- 
ing the information recording according to other 
embodiments of the invention. 30 
Figs. 1 1 and 12 show waveforms for explaining the 
information recording according to other embodi- 
ments of the invention. 

Fig. 13 is a block diagram showing an information 
recording apparatus according to an embodiment 35 
of the invention. 

Fig. 14 is a block diagram showing an example of a 
record waveform generating circuit usable for the 
apparatus shown in Fig. 13. 

Fig. 15 is a block diagram showing an example of a 40 
laser drive circuit usable for the apparatus shown in 
Fig. 13, 

Fig. 16 shows waveforms for explaining the opera- 
tion of a recording apparatus according to an 
embodiment of the invention. 45 
Fig. 1 7 is a diagram showing an example character- 
istic of a semiconductor laser usable for the present 
invention. 

DESCRIPTION OF THE PREFERRED EMBODI- so 
MENTS 

[0020] Fig. 1 shows a sectional structure of a disk- 
shaped information recording medium according to an 
embodiment. This medium can be fabricated in the fbl- ss 
lowing manner. 

[0021] First, a polycarbonate base 12 cm in diameter 
and 0.6 mm in thickness having tracking guide grooves 



for land/groove recording at pitches of 0.6 ^m in the sur- 
face thereof is formed with an AI2O3 heat diffusion layer 

12 about 30 nm thick. An 80ZnS-20SiO2 protective layer 

13 about 45 nm thick Is formed. A Si02 protective layer 

14 about 5 nm thick is formed. Then, a Gei4Sb28Te58 
record film 15 about 15 nm thick and a SiOg intermedi- 
ate layer 16 about 5 nm thick are formed. Further, an 
absorption difference adjusting layer 17 about 18 nm 
thick made of an 80Mo-20SiO2 film is formed, followed 
by a first reflective layer 18 of 89AI-11T1 about 70 nm 
thick and a second reflective layer 19 of 97AI-3Ti film 
about 70 nm thick, in that order. A layered film can be 
formed by a magnetron sputtering device. A protective 
film 20 is formed on the resulting assembly using an 
ultraviolet radiation curable resin. In this way. a first disk 
member is prepared. 

[0022] In exactly the same manner, a second disk 
member having the same configuration as the first disk 
member is prepared. The first disk member and the sec- 
ond disk member are attached to each other by the 
ends thereof nearer to the second reflective film through 
an adhesive layer, thereby fabricating a disk-shaped 
information recording medium. 
[0023] The record film 1 5 of the first disk member con- 
stituting the recording medium fabricated in the above- 
mentioned way is initialized In the manner described as 
follows. This is exactly the case with the record film of 
the second disk member. The description that follows, 
therefore, will be made only about the record film 15 of 
the first disk member. 

[0024] The medium is rotated at a constant linear 
velocity of 8 nri/s. and laser beam power of 900 mW of a 
semiconductor laser (wavelength of about 810 nm) hav- 
ing an elliptical spot along the radius of the medium is 
radiated on the record film 15 through the polycar- 
bonate base 11. The recording head is driven while 
automatically focusing the laser beam on the record film 
1 5. The laser beam spot is displaced by one sixteentii of 
the spot length each time along the radius of the 
medium. In tiiis way, the medium is crystallized (the first 
physical state). 

[0025] Information is recorded by an 8-1 6 modulated 
signal in a record area of the record film initialized in the 
above-mentioned manner. The rotational linear velocity 
of the disk is 9 m/s. the semiconductor laser wavelengtii 
is 635 nm. and tiie lens numerical aperture (NA) is 0.6. 
First, the tracking and the automatic focusing are 
effected with a laser beam of a first power level PI (1 
mW) constituting a read power level while radiating tiie 
disk. When the beam reaches the disk portion to be 
recorded in, the laser beam power is raised to a second 
power level for erasing the unrequired written informa- 
tion by crystallization. For forming a record marK i.e. a 
mark portion anew, the power is further raised to a third 
level. The record waveform for forming tiiis record mark 
(hereinafter referred to as "the mark portion") will be 
described in detail later. After a multiplicity of mark por- 
tions in amorphous or similar state (second physical 
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state) are completely formed and the record area Is 
passed, the laser beam power is lowered to the first 
power level. 

[0026] The power ratio between the third power level 
and the second power level is preferabfy 1 :0.3 to 1 :0.8. 
[0027] In this recording method, new information can 
be recorded by overwriting It directly on the old informa- 
tion recorded in the particular portion. In other words, an 
overwrite operation with a single circular light spot is 
possible. 

[0028] There are 36 zones available for recording by 
the user along the radial direction of the disk. Atxxjt 25 
to 60 sectors exist along the circumference of each 
zone. For the record- reproduce operation, the motor is 
controlled by a ZCLV (Zone Constant Linear Velocity) 
method in which the rotational speed of the disk is var- 
ied from one zone to another for recording or reproduc- 
tion. In this format, therefore, the disk linear velocity Is 
differerrt between the innermost circumference and out- 
ermost circumference in each zone. . 
[0029] The configuration and operation of a recording 
apparatus according to this errtoodiment will be 
explained with reference to Rg. 2. 
[0030] Information (digital signal) inputted from out- 
side the recording apparatus is transmitted to an 8-16 
modulator in units of 8 bits. In recording the information 
on a disk 1 , for example, 8 bits of information is con- 
verted to 16 bits of information by use of a recording 
method called the 8-16 modulation scheme. In this 
modulation scheme, information of 3T to 11T in mark 
length corresponding to 8-bit information is recorded on 
the disk (medium) 1 rotationally driven by the motor 2. In 
Fig. 2. the 8-16 modulator 8 performs the modulation for 
this purpose. In the foregoing description, T designates 
a clock period for information recording and Is 1 5.6 ns in 
the case under consideration. A preferable value of T in 
the method according to this embodiment is in the range 
between 5 ns and 20 ns Inclusive. 
[0031 ] The digital sigrial of 3T to 1 1 T converted by the 
8-16 modulator 8 is transferred to a record waveform 
generating circuit 6 thereby to generate a record wave- 
form. The basic width of each pulse constituting a pulse 
train of the third power level for forming a mark portion 
is assumed to be T or T/2. and the width of the pulse 
lower than the second power level following the pulse 
train, i.e. the cooling pulse width Tc can be changed 
from outside. The record waveform containing the pulse 
train generated by the record waveform generating cir- 
cuit 6 is transferred to a laser driving circuit 7. which 
emits a semiconductor laser in an optical head 3 based 
on the same record waveform. 

[0032] In the optical head 3 mounted on the recording 
apparatus, the laser beam is circularly polarized. This 
recording apparatus corre^onds to what is called the 
land/groove recording scheme in which information is 
recorded in both grooves and lands (areas between 
grooves). In this recording apparatus, either the lands or 
the grooves can be arbitrarily selected for tracking by a 



land/groove servo circuit. 

[0033] The recorded information can also be repro- 
duced by use of the optical head. A laser beam focused 
to the same size as at the time of recording is radiated 

5 on the disk, and the light reflected from the mark portion 
and the portion (space portion) other than the mark por- 
tion is detected thereby to obtain a reproduced signal. 
The amplitude of this reproduced signal is amplified by 
a pre-amplifier 4 and transferred to an 8-16 demodula- 
te tor 10. The 8-16 demodulator 10 converts each 16 bits 
into 8-bit information. The foregoing operation com- 
pletes the reproduction of the mark portion recorded. 
[0034] Fig. 3 shows a well-known record waveform as 
a reference. Figs. 4 to 9 are diagrams for explaining 

IS record waveforms according to an embodiment of the 
invention. In Fig. 3. P3 designates the power of the third 
power level capable of forming a mark portion. P2 the 
power of the second power level for achieving the crys- 
tallization of tiie record film of the medium, and PI tiie 

20 power of the first power level for read operation. 
Between the pulses where a high power level is reached 
for forming a mark portion, the power is lowered for pre- 
venting the heat accumulation. T designates the width 
of a channel clock. The basic width of the laser beam 

25 pulse radiated on the medium is T/2. and the pulse 
interval is also T/2. (In Fig. 3, the width of the first pulse 
and the last pulse is substantially T in the pulse train for 
forming a mark portion.) Fig. 3 shows only the laser 
beam pulse waveforms for forming mark portions of 3T, 

30 4T. 6T and 1 1T. The mark portions of 5T to 10T, on the 
other hand, are formed by adding a set of waveforms 
including T/2 high power level and T/2 low power level, 
respectively, following the first pulse of the waveform of 
4T. The mark portion of 1 1T, for example, is the result of 

35 addition of seven sets. A pulse train longer than 1 1 T can 
be obtained by adding waveforms in similar fashion. 
[0035] As described above, except for the waveform 
for the 3T marK the width of the first pulse of the laser 
beam pulse train is given as 1T, the width of the last 

40 pulse also as IT. and the width of other pulses as T/2. 
After the last pulse of the beam pulse waveform for 
forming a particular mark portion, the record film is pref- 
erably cooled by lowering the laser power to a level 
lower than the second power level. This pulse of low 

45 power level is called the cooling pulse. The power level 
reached by this pulse is assumed to be a fourth power 
level. Also assume that 

PI = 1 mW 
50 P2 = 5 mW 

P3 = 10.5mW 
P4 ^ 0.5 mW 

Then, both the leading edge jitter and the trailing edge 
55 jitter represent a rather satisfactory range of 20% to 
25%. but a target jitter value of not more than 10% can- 
not be achieved. Tc designates the width of a cooling 
pulse and Po a reference power level. 



50 



5 



9 




EP0 902 



[0036] The examination by the present inventors has 
revealed that the above-mentioned jitters occur due to 
the following causes: 

(1) The leading edge of the mark portion of 5T to 7T s 
is displaced about 2.0 nm (or delayed by about 2 ns 

in terms of electrical signal pulse) from a predeter- 
mined position in such a direction as to shorten the 
length of the mark portion. 

(2) The leading edge of the mark portion recorded io 
before a short space portion (3T to ST) is displaced 

by about 5 nm (or delayed by about 5 ns in terms of 
electrical signal pulse) in such a direction as to 
shorten the length of the mark portion. 

(3) When a 3T mark portion or a 4T mark portion is is 
recorded, the leading edge is shifted Ibnwarcl (in the 
direction advanced in time), 

[0037] The reason why this phenomenon occurs has 
been vigorously studied by the present inventors. As a 20 
result, with a recording medium for recording (convert- 
ing into amorphous state) and erasing (crystallizing) the 
information changing the phase by controlling the 
medium temperature to two areas (the temperature 
area for crystallization and the temperature area of not 2s 
lower than the melting point), It has been discovered 
that a mechanism hitherto unknown works especially 
when recording a mark not more than one haff of the 
diameter of the laser beam spot. Specifically. 

30 

(1) Assume that after a first mark portion Is 
recorded at the third power level in a given position 
A of the medium, the center of the laser beam is 
moved from position A by a distance between about 
one half the radius and the full radius of the laser 35 
beam spot. In the case where the second mark por- 
tion is recorded again at the third power level, it has 
been found that the first mark portion is crystallized 
and the mark (amorphous state) disappears. 

(2) TTie feature of the conventional waveform 40 
shown in Fig. 3 is that when recording a mark por- 
tion of a length not less than 5T. the amount of 
energy radiation of the first pulse and the last pulse 

of a beam pulse train for forming a mark portion is 
twice as large as that of the pulses held between 4s 
the first and last pulses. In the record waveform for 
recording 3T or 4T mark portions, therefore, the 
proximity between or integration of the first and last 
pulses causes an excessive amount of energy radi- 
ation, with the result that the mark portion undesir- so 
ably outgrows a predetermined size. 

(3) It is further known that a phenomenon of what is 
called an inter-code Interference occurs in which in 
the case where the length of the shortest mark 
(space) portion Is not more than one half of the ss 
diameter of the laser beam spot, the edge position 
determined by slidng the reproduced signal of the 
shortest mark (space) portion interposed between 
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sufficiently long space (mark) portions is considera- 
bly different from the edge position determined by 
slicing the reproduced signal of the shortest mark 
(space) portion interposed between the shortest 
space (mark) portions. 

[0038] An object of the present invention is to predict 
and record these phenomena and thereby to make pos- 
sible an ultrahigh density recording with the length of 
the shortest mark (space) portion not more than one 
half the diameter of the laser beam spot. 
[0039] In the energy beam pulse waveform shown In 
Fig. 4, the power is at the second level P2 of 5 mW. for 
example, before a mark portion is formed. When the 
beam reaches a position for forming a mark portion, the 
power rises toward and reaches the third power level P3 
of 10.5 mW. for example. The radiation of the laser 
beam of the third power level melts the record film, 
which Is then rapidly cooled into an amorphous state 
(second physical state). In order to lower the radiation 
energy of the energy beam pulse waveform for record- 
ing the 3T mark portion, the laser of the IT-wide third 
power level is radiated for recording. 
[0040] In the case where the mark portion to be 
recorded is of the length of 5T. 6T or 7T. the energy 
beam pulse waveform has a mark edge adjusting pulse 
before the pulse train (information pulses) for forming a 
mark portion. Specrfically, the energy beam is raised to 
a fifth power level P5 0.1 mW higher than the second 
power level P2 before being raised to the third power 
level P3. After being kept at this level for the following- 
described time, the energy beam is raised to the third 
power level P3. The rise of energy level (i.e. preheating) 
from the power level P2 to power level P5 is effective as 
in the following case if in the range of 0.05 mW to 2.0 
mW (i.e. about 0.i% to 36.4%) when third power level 
(P3) less second power level (P2) is 5.5 mW. The time 
after reaching the fifth power level P5 before being 
raised to the third power level is preferably 0. IT to 1 .5T 
for the 5T mark portion, 0.1T to 2,0T for the 6T mark 
portion, and 0.1T to 1.5T for the 7T mark portion. By 
securing these ranges, partial erasure off the mark por- 
tion by a succeeding beam pulse can be avoided. As a 
result, the jitter at the leading edge can be reduced to 
10% or less. 

[0041 ] Instead of changing the time after reaching the 
fifth power level P5 before being raised to the third 
power level P3 according to the length of the mark por- 
tion, the fifth power level P5 can be changed according 
to the mark portion length within the range of power 
level described above, in such manner that P5 (6T) > P5 
(5T) > P5 (7T). In this way, the leading edge jitter can be 
suppressed in similar fashion. The mark portion length 
subjected to preheating Is not limited to 5T, 6T, 7T but 
can include 3T, 4T or ST. 

[0042] Without raising the power level as described 
above, as shown in Fig. 5 for the 5T, 6T and 7T mark 
portions, the power is lowered from second power level 
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P2 to sixth power level P6 with a mark edge adjusting 
pulse inserted following the first pulse in the energy 
beam pulse train (information pulse train) high in power 
level fbr forming a mark portion, and after the second 
pulse in the same pulse train, the fourth power level P4 
is reached as a mark length adjusting pulse. When the 
fourth power level is 1 mW, the sixth power le^el P6 is 
raised from the fourth power level P4 by an amount 
between 0.05 mW and 5.0 mW inclusive. In this way. a 
similar effect of suppressing the leading edge is 
obtained. A preferred example of power difference 
between the sixth power le\^el P6 and the fourth power 
level P4 is 0.05 mW to 3 mW for 5T mark, 0,10 mW to 
5.0 mW for 6T mark, and 0.05 mW to 3.0 mW for 7T 
mark. 

[0043] Reference is made to Fig. 6. The high power 
level that the first pulse in the energy beam pulse train 
(information pulse section) reaches for forming a mark 
portion is the third power level P3. Assume that the 
power level of the second pulse to the last pulse but one 
in the pulse train is the seventh power level P7. and the 
power level of the last pulse is the ninth power level P9. 
The third, seventh and ninth power levels can be the 
same. When the seventh power level P7 is higher than 
the third power level P3 by 0.1 mW to 2.0 mW fbr the 
level P3 being 10.5 mW. however, the leading edge of 
the mark portion is advantageously prevented from 
growing excessively. Thus, the leading edge jitter can 
be suppressed to 12.5%. In the case where the ninth 
power level P9 is lower than the seventh power level P7 
by 0.1 mWto 2.0 mWfor the level P7 being 10.5mW, on 
the other hand, the leading edge jitter is advantageously 
lowered. As a result, the leading edge jitter is sup- 
pressed to 12%. 

[0044] Referring to Fig. 7, assume that the power level 
reached by lowering from the high power level P3 fbr 
forming a mark portion is the tenth power level P10 dif- 
ferent from other pulses immediately before the last 
pulse and this power level P10 is raised to a level 0.1 
mW to 2.0 mW higher than the level between the sec- 
ond pulse and the last pulse but one, I.e. the eighth 
power level. Then, the leading and trailing edge jitters 
can be reduced. Consequently, the average jitter at the 
leading and trailing edges can be suppressed to 7.5%. 
[0045] In Fig. 7, at least one of the fourth, sixth, eighth 
and tenth power levels P4. P6, P8 and P10. especially, 
the eighth power level P8, if lower than the first power 
level PI providing a read power level, can be preferably 
realized simply by turning off the high frequency super- 
position of the semiconductor laser as the same ampli- 
fier output voltage as the first power level PI . 
[0046] Trailing edge jitters are determined with the 
width Tc of the cooling pulse being changed at intervals 
of T/2 during a period from OT to 2.5T. the cooling pulse 
constituting a mark edge adjusting pulse section of the 
energy pulse waveform. The energy beam pulse wave- 
form is such as shown in Fig. 3, in which the irdividual 
power levels are: PI = 1 mW. P2 = 5 mW. P3 = 10.5 mW 



and P4 = 0.5 mW. Rg. 8 shows the dependency of the 
trailing edge jitter on the cooling pulse width. In the case 
where Tc is OT, the jitter value is 18%. which changes to 
8% when Tc is 1 .5T. In this way, a superior reproduced 
5 signal can be obtained by optimizing the cooling pulse 
width Tc. 

[0047] As shown in Fig. 9A, the cooling pulse width Tc 
in the energy beam pulse train (pulse waveform) for 
recording a mark portion may be made larger when 

10 recording information with the second shortest space 
portion of 4T than when recording information with a 
space portion of other lengtiis. Then, the shift of the 
edge position which otherwise might be caused by the 
insufficient resolution of the beam spot is prevented and 

15 a superior reproduced signal can be produced. For 
example, the cooling pulse width Tc may be 2.25 T for 
recording a mark portion followed by a space portion of 
4T and may be 1.75 T, 2.00 T, 1.5T, etc. for recording a 
mark portion followed by a space portion of another 

20 length. Then, the trailing edge jitter will be 8%. A similar 
effect of trailing edge jitter suppression is obtained by 
setting the duration of low power between 2 ns and 8 ns 
inclusive. 

[0048] Depending on the width or the power level of 

25 the cooling pulse, the edge position may be controlled 
more sufficientiy by shortening the cooling pulse width 
or raising the power level of the cooling pulse in tiie 
case where the length of the space portion is short (4T 
to 5T). This is because in the case where the cooling 

30 pulse width is sufficientiy large or the power level is suf- 
ficiently low, the preheating and hence energy runs 
short fbr recording the leading portion of a succeeding 
mark portion. In such a case, the cooling pulse width Tc 
should be made shorter when recording a mark portion 

35 followed by a space portion of 3T to 5T than when 
recording a mark portion followed by a space portion of 
6T or more, thereby preventing jitters. 
[0049] According to another aspect of the invention, 
the change in the shape of mark portions before and 

40 after a space portion depending on the length of the 
space portion is compensated for in advance. There- 
fore, the cooling pulse information is conveniently pro- 
vided in relation to the length of the space portion. A 
specific example will be described below. 

45 [0050] In the record waveform generating circuit 6 
shown in Fig. 2, the 8-16 modulation signal sent from 
the 8-16 modulator 8 is usually binarized (distinguished 
between "0" and "1"). Thus, a pulse train waveform for 
recording the mark portion of a length corresponding to 

50 the length of "1** level on the disk 1 Is generated on the 
one hand, and a record waveform fbr radiating the 
power level for crystallizing a length corresponding to 
tiie lengtii of "0" level (the lengtii of tiie space portion) is 
produced on tiie other hand. In the process, generally, a 

55 pulse train waveform corresponding to the length of 
each mark portion is stored in a mark table, and a pulse 
train waveform corresponding to the length of the mark 
portion is generated. The space portion of the disk 1 is 
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irradiated with a beam of a predetermined erase power 
(second power level). 

[0051 ] When an attempt is made to record information 
using a mark table as described above, the recording of 
a mark portion requires a mark table describing combi- s 
nations of the length of a mark portion to be recorded 
and the length of the space portions before and after the 
mark portion. In the presence of a mark portion and a 
space portion of 3T to 11 T, for example, it is necessary 
to store a maximum of 162 types of pulse train wave- io 
forms in the mark table, to determine a combination of a 
mark portion and a space portion and to access an 
appropriate pulse train waveform from among the 
above-mentioned record waveforms. 
[0052] In the Information recording apparatus accord- is 
ing to this embodiment, in contrast, a pulse train wave- 
form including a pulse of third power level capable of 
recording a mark portion is generated for the mark por- 
tion, and a combination of cooling pulse power and 
erase power coresponding to the length of each space 20 
portion is radiated on the space portion (Fig. 9B). Spe- 
cifically, a mark table and a space table are arranged In 
the record waveform generating circuit 6, so that a pulse 
train waveform corresponding to the length of the mark 
portion is called from the mark table, and a cooling 25 
pulse waveform corresponding to the length of the suc- 
ceeding space portion is called from the space table. By 
doing so, a multi-pulse waveform having an optimum 
cooling pulse is generated. 

[0053] In this way, the waveforms to be stored in the 30 
mark table and the space table can be limited to nine 
types. Therefore, the record waveform generating circuit 
can be simplified, thereby contributing to a lower cost of 
the information recording apparatus. (This system will 
hereinafter be refen-ed to as Ihe mark/space independ- 35 
ent table system"). 

[0054] Referring to Fig. 10A, instead of changing the 
width of the cooling pulse of an energy beam pulse train 
(pulse waveform) for recording a mark portion accord- 
ing to the length of the space portion immediately fol- 40 
lowing the mark portion, a similar effect of trailing edge 
jitter suppression is obtained by maintaining the cooling 
pulse width at a constant level and changing the power 
level like P4 (3T) or P4 (AT) according to the length of 
the space portion immediately following the mark por- 45 
tion. In Fig. 10A, the power level of the cooling pulse for 
recording a mark portion followed by a 4T space portion 
is made minimum. After the end of the cooling pulse, the 
power is changed to tiie second power level P2. Even 
during the above-mentioned cooling pulse, the crystalli- so 
zation occurs when the record film temperature drops to 
the crystallization temperature range. After tiiat. how- 
ever, tile second power level P2 is held, and therefore 
the area having a recorded mark portion Is stably crys- 
tallized into the first physical state, thus erasing the ss 
information stored therein. Assume that the distance 
between a given mark portion and tiie next mark portion 
is small, however, e.g. that the space portion is 3T In 
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the case where the second power level following tfie 
cooling pulse for tiie preceding mark portion is P2 (3T) 
which is 0.1 mW to 1.0 mW lower than the second 
power level for the other mark lengths, residue or shift of 
tile leading edge of the mark portion can be prevented 
and the jitter of the ti-ailing edge becomes 10%. 
[0055] Also, as shown in Fig. 108, the Information 
recording apparatus can be reduced in cost by provid- 
ing a mark table and a space table for optimally control- 
ling the power level of the cooling pulse according to the 
mark/space independent table system. 
[0056] Since the mark table and the space table are 
dependent on the information recording medium (disk), 
a trial write operation (the operation of determining an 
optimum mark table and an optimum space table for 
each information recording medium) can be simplified 
by recording an optimum mark table and an optimum 
space table in the information recording medium in 
advance. 

[0057] The cooling rate of a rear or trailing part of a 
mark portion can be controlled by changing the width or 
level of the low-power part (cooling pulse) following the 
last pulse of an energy beam pulse train for forming a 
mark portion and hence by changing the energy radi- 
ated on the particular part. The shape of the mark por- 
tion can thus be optimized. 

[0058] Also, if the product of the time for which the 
low-power part is irradiated and the relative speed 
between the energy beam and the Information record- 
ing medium is not more than one third of the diameter of 
the energy beam spot (the distance of an area along tiie 
recording track where tiie intensity of the energy beam 
is the central Intensity multiplied by exp(-2)). the distor- 
tion of the reproduced signal is reduced especially to a 
small value and therefore the system is most suitable for 
high density recording. In the case where the product of 
the time for which the low-power portion is Irradiated 
and the relative speed between the energy beam and 
the information recording medium is not less than one 
third of the diameter of the energy beam spot, on the 
other hand, the erasure by the second power level 
(crystallization for the phase change record film) may 
not be sufficiently accomplished. 
[0059] Fig. 1 1 shows an example of a combination of 
the aforementioned waveform control schemes. 
[0060] The energy beam pulse waveforms shown in 
Fig. 11 have tiie highest practical value among the 
enrdDodiments, and can effectively suppress tiie jitters. 
In the energy beam pulse waveform used for informa- 
tion recording, a jitter value of 9% or less can be 
obtained by using four power levels including P2. P3, P4 
and P5 having the above-mentioned relation. Fig. 11 
shows only the mark portions having the length of 3T, 
4T, 6T, 1 1T. In tiie mark portions having the lengtii of 5T 
to 1 0T, however, a set of waveforms each having a com- 
bination of a high power level pulse and a low power 
level pulse Is added for each T/2 following the first pulse 
of tiie 4T waveform. The result of adding seven such 
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sets is an energy beam pulse train for recording a mark 
portion having the length of 11T. Pulses are added sim- 
ilarly also for the mark portions longer than 11 T. As 
described above, of all the pulses having a sufficient 
energy to make an amorphous record film, i.e. the infor- 5 
mation pulse section of the energy beam pulse wave- 
form, the width of the first pulse is set to IT, the width of 
the last pulse to 1 T and tiie width of other pulses to T/2. 
Also, a pulse of preheat level P5 with the duration of 0 to 
2T higher than P2 and lower than P3 in power level is w 
arranged immediately before the first pulse of power 
level P3. The width of this pulse of preheat level P3 is 
changed in accordance with the cooling rate of the 
medium, the relative speed between the laser beam 
and the medium, the relation between the radius of the is 
laser beam and the length of the mark portion or the 
length of the space portion adjacent to a mark portion. 
As an example, the conditions for the width and power 
level of each pulse are shown below. (Power level of 
pulse train of information pulse section) 20 

P2: 4.5 mW 
P3:10.5mW 
P4: 1 .5 mW 

P5:4.6mW 25 

(Width of tiie cooling pulse in the mark edge adjusting 
pulse section) 

Width of the cooling pulse contributing to recording 30 
of a mark portion immediately before a space por- 
tion 3T, 4T wide: 2.25T 

Width of the cooling pulse contributing to recording 
of a mark portion immediately before a space por- 
tion 5T wide: 2T 35 
Width of the cooling pulse contributing to recording 
of a mark portion immediately before a space por- 
tion 6 to 11T wide: 1.75T 

Width of the cooling pulse contributing to recording 
of a mark portion 3T or 4T wide immediately before 40 
each space portion: The above-mentioned width of 
cooling pulse plus 0.25T 

(Width of pulse of preheat level P5 of mark edge adjust- 
ing section) ' 4S 



(Width of first pulse of P3 level in pulse train of informa- 55 
tion pulse section) 

Mark portion 3T wide: 1 T 



Mark portion 4T wide: 1 .25T 
Mark portion 5T to 1 1 T wide: 1 T 

(Width of last pulse of P3 level in pulse train of informa- 
tion pulse section) 

Mark portion 3T wide: 1T (same as first pulse) 
Mark portion 4T wide: 0.75T to IT (varied depend- 
ing on the heat conducting characteristics of the 
medium) 

Mark portion 5T to 1 1 T wide: 1 T 

(Pulse width of P3 level between first pulse and last 
pulse) 

Mark portion 5T to 1 1T wide: 0.5T 

(Widtii of negative-going pulse between pulses of P3 
level in pulse train of information pulse section) 

Mark portion 4T wide: 0.5 to 0.75T (varied depend- 
ing on the heat conducting characteristics of the 
medium) 

Mark portion 5T to 1 1T wide: 0.5T 

[0061 i In the case where the 8-1 6 random modulation 
signal is recorded with the above-mentioned energy 
beam pulse waveform, the jitter value is 9% and 
remains unchanged after ovenivrite operation. When the 
cooling pulse is narrowed by IT or widened by IT from 
the above-mentioned state, noises occur due to a resi- 
due at the time of overwrite operation and the jitter value 
is deteriorated to 15% or more. 

[0062] The waveform shown in Fig. 1 1 is a preferable 
record wavefbrrh especially in that the jitter level is low. 
the jitter is not increased even after the overwrite opera- 
tion is repeated, and the record waveform generating 
drcuit can be sinrplrfied. as described above. 
[0063] Another example of combinations for waveform 
control is shown in Fig. 12. In Rg. 12, the relative height 
between the third, fifth, seventh and ninth power levels 
is preferably as described below. The relation between 
the height of power levels and jitters Is also described. 

7 ^ P3 ^ P9 ^ P 

Further, the relative height between the second, fourth, 
sixth, eighth and tenth power levels is preferably as 
described below. 

>2 > P6. P10 ^P4^Pi 

The relative height between tiie first power level and the 
fourth, sixth, eighth and tenth power levels is preferably 
as described below. 

>4. P6. P10 ^ PI ^ PC 



30 
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Width of preheat pulse immediately before mark 
portion 6T wide: IT 

Width of preheat pulse immediately before mark 
portion 5T or 7T wide: 0.5T ' so 

Width of preheat pulse immediately before mark 
portion 4T wide: 0 to 1 .OT (varied depending on the 
heat conducting characteristics of the medium) 
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[0064] An excessively large circuit size is avoided by 
assuring that the eighth power level is the same as the 
tenth power level, and so is by assuring that the seventh 
power level is the same as the ninth power level. It is 
also possible to prevent the circuit size from increasing 5 
excessively by assuring that at least one of the sixth, 
eighth and tenth power levels is the same as the fourth 
power level. Among the sixth, eighth and tenth power 
levels, an undesirable increase of jitter due to reduction 
of the circuit structure scale is small when assuring that w 
the tenth power level is the same as the fourth power 
level. 

[0065] The above-mentioned energy beam pulse 
waveform can reduce the jitter (a/Tw) by about 18% as 
compared with the conventional waveform shown In Fig. is 
3. 

[0066] In the case where the width of the pulse of the 
pulse train of the energy beam for forming a mark por- 
tion and the width of the cooling pulse are an integer 
multiple of one half of the channel clock T. the size off the 20 
record waveform generating circuit is desirably mini- 
mized. The width of the pulse of the energy beam for 
forming a mark portion is not necessarily T/2, however, 
but can be T/3. T/4 or an integral multiple of the channel 
clock divided by an integer. In the case where the chan- 25 
nel clock is divided by a greater number, the width 
described above can be desirably optimized for higher 
accuracy. Excessive division, however, undesirably 
increases the circuit size. A desirable compromise, 
therefore, is T^ to T/4, 30 
[0067] The energy beam pulse waveform according to 
this embodiment is especially effective when the beam 
spot diameter (the length along the recording track of 
the recording medium in-adiated with the beam with an 
intensity at least 1/exp(2) of the intensity at the beam 55 
center) is 0.8 ^m to 1 .3 ^im and the shortest bit length is 
0.25 to 0.35 ^im or the shortest length of the mark por- 
tion is in the range of 0.35 urn to 0.5 ^un. This is by rea- 
son of the fact that as described above, depending on 
the relation between the beam spot and the length of 40 
the mark portion, there is a certain range in which the 
preceding mark portion is liable to be erased (crystal- 
lized) by the succeeding pulse as a feature unique to the 
phase change recording scheme. This range is given by 
the beam diameter and the shortest length of the mark 45 
portion. In the high<lensity recording as in the present 
case, the residue in the broad sense of the woid has a 
considerable effect. Also, an especially great effect 
results when the signal modulation scheme of EFM or 
the 8-16 modulation is employed. In respect of the so 
wavelength of the recording light, the range between 
630 nm arKf 670 nm inclusive is especially effective. 
[0068] Although the power level of each pulse of the 
energy beam pulse waveform is classified into several 
types for convenience's sake as described above 55 
according to this embodiment, the pulse of each level 
may develop an overshoot or an undershoot due to the 
characteristics of an electrical signal. The effect of this 



invention is not lost as far as an equivalent level is 
secured in this range. 

[0069] Also, if an optimum pulse width and an opti- 
mum power level are recorded beforehand in a medium 
as the record waveform information to permit the pulse 
width of each power level described above to be 
changed in accordance with the characteristics of the 
medium, a high-density recording is possible over a 
very wide range even in the case where the medium 
cooling rate or the linear velocity for recording (relative 
speeds of the medium and the laser beam) is changed. 
[0070] Unless the above-mentioned record waveform 
information is available, or unless the information 
recorded using a record waveform having the cooling 
pulse width determined from the record waveform infor- 
mation can be normally reproduced, then a trial write 
operation is performed in a trial write area on the infor- 
mation recording medium 1 . When the waveform of Fig. 
4 is used, for example, information is recorded with 
each power level and pulse width as trial write parame- 
ters, and the waveform with the smallest jitter is used as 
an optimum record waveform. In this way, the optimum 
record waveform is determined, and information is 
recorded in the disk of Fig. 1 . Thus, a superior repro- 
duced signal with a jitter of 10% or less is produced. 
[0071] Also, the waveform of Fig. 5 is optimized and 
used for recording in a manner similar to that for the 
waveform of Fig. 4. A leading edge jitter value of the sig- 
nal reproduced from the information recording medium 
is 1 1%. The result of a similar optimization and record- 
ing for the waveforms of Figs. 6 and 7 shows that the jit- 
ter values of the signals reproduced from the 
information recording medium are 9% and 8.5%. 
respectively. 

[0072] In the case where mark portions are recorded 
on the lands with the energy beam pulse waveform 
shown in Figs. 11 and 12 and other mark portions are 
recorded in grooves adjacent to the lands with the 
energy beam pulse waveform shown in Fig. 3, the jitter 
value of the signal reproduced from the lands begins to 
be affected from the track offset of about 0.05 nm. and 
Increases to 15% or more when the track offset is 0.10 
pm. This is caused by the phenomenon (what is called 
the cross erasure) in which the marks recorded on the 
lands are crystallized by the heat generated when mark 
portions are recorded in the grooves adjacent to the 
larrds. In the case where the mark portions are recorded 
in the adjacent grooves with the energy beam pulse 
waveform shown in Figs. 11 and 12, in contrast, the 
adjacent tracks are not affected at all even when the 
track offset of 0.10 ^m occurs. This indicates that heat 
which may be excessively generated for the energy, 
beam pulse waveform shown in Fig. 1 1 or Fig. 12 (par- 
ticularly their cooling pulse portions) can be suppressed 
by adjusting the cooling pulse width to a proper width. 
This energy beam pulse waveform is seen to be very 
suitable for high-density recording with the track pitches 
not more than the laser beam diameter in the 
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land/groove recording system. 

[0073] The foregoing embodiments are described in 
detail with reference to the case in which the cooling 
pulse width is 1.5T. Between 1.25T and 2.5T inclusive, 
on the other hand, the aoss erasure is reduced. 
[0074] Fig. 1 3 is a block diagram showing an informa- 
tion recording apparatus according to an embodiment of 
the invention. An information recording medium 1, after 
being mounted, is rotated by a motor 2 at the rate of 9 
m/s with a constant disk linear velocity. Information on 
the recordable disk linear velocity is stored together with 
the record waveform infornnation in advance in the form 
of pits in the lead-in area along the innermost circumfer- 
ence of the information recording medium 1, The 
recordable disk linear velocity information read by an 
optical disk 3 is transferred to a system controller 5 
through a pre-amplif ier circuit 4. At the same time, infor- 
mation on the record waveform and the optimum 
" recording power are transferred to the system controller 
5 through the circuit 4. The system controller 5 controls 
the motor 2 based on the recordable disk linear velocity 
information and the radial position information of the 
optical head 3 and rotates the information recording 
medium 1 at an appropriate rotational speed. 
[0075] A record waveform generating circuit 6 has 
record waveforms (corresponding to. for example, the 
energy beam pulse waveforms shown in Fig. 12) pro- 
grammed therein to meet the situation where the time 
width of the fifth power level, the cooling pulse width and 
the time width of the third and ninth power levels are OT, 
0.125T, 0.25T, 0.375T, 0.5T, 0.625T 0.75T, 0.875T, LOT 
1.125T, 1,25T. 1.375T 1.5T 1.625T 1-75T. 1.875T, 2.0T 
2.125T, 2.25T 2.37CT and 2.5T. Thus, a record wave- 
form of a cooling pulse width suitable for the information 
recording medium 1 can be generated based on the 
record waveform information transferred through the 
system controller 5. According to the record waveform 
transferred from the record waveform generating circuit 
6, the laser driving circuit 7 causes the semiconductor 
laser in the optical head 3 to emit light, so that the 
energy beam for recording a mark portion is radiated in 
a pulse waveform on the information recording medium 
1. 

[0076] The main operation of the information record- 
ing apparatus shown in Fig. 13 will be explained with 
reference to Figs. 14 to 17. 

[0077] Fig. 14 is a functional block diagram showing a 
configuration of the record waveform generating circuit 
(block 6 in Fig. 13). A clock SfCLK eight times higher in 
frequency tiian the channel clock is supplied from a sys- 
tem controller (block 5 in Rg. 13) to the circuit 6. From 
the channel clock SfCLK, a dock 2fCLK twice as high as 
the channel clock is generated at a 1/4 frequency divi- 
sion counter 6-13. Further, a 1/2 frequency division 
counter 6-14 generates a channel clock CHCLK. On the 
other hand, the recording data input signal \A/TDATA 
from the 8-16 modulator 8 is connected to the serial 
input terminal of a 16-bit shift register 6-1 for input sig- 



nal, and is shifted at the rise timing of the channel clock 
CHCLK. Among the parallel outputs of the shift register 
6-1 , the 15 bits other than the oldest information bit are 
applied to a priority encoder 62 for detecting the weight 

5 of T and an inverted priority encoder 6-3 for detecting 
the weight of "0**. The two bits from the oldest informa- 
tion bit side, on the other hand, are applied to a decoder 
6-4 for detecting the boundary point between a space 
portion ("0") and a mark portion ("1") and a boundary 

10 point changing from a mark portion ("1 ") to a space por- 
tion CO"). At the leading edge of the pulse at which tiie 
position of change to the mark portion (point where "0" 
changes to "1") is detected by tiie decoder 6-4. tiie 
numerical value at the point where the output of "1s" to 

15 tiie priority encoder 6-2 is discontinued is stored in a 
first 4-bit register 6-5. The data in a preheat pattern 
table 6-7 and a mark pattern table 6-8 (which has two 
32-bit tables, though not shown) are accessed. The 
data thus accessed are loaded in parallel in output shift 

20 registers 6-10, 6-1 la, 6-1 lb at the trailing edge of the 
mark detection pulse. The serial output of the first out- 
put shift register 6-10 operated by the clock SfCLK and 
tiie serial output of a second output shift register 6-1 1a 
operated by the clock 2fCLK are converted into a first 

25 record pulse signal WRTP1-P and a secorxj record 
pulse signal WTRP2-P through AND gates 6-15 and 6- 
16, respectively. At the leading edge of the pulse where 
tiie decoder 6-4 detects the position of change to the 
space portion (point where "1" changes to "0^, the 

30 numerical value at the point where the "Os" outputted to 
the Inverted priority encoder 6-3 is discontinued is 
stored in a second 4-bit register 6-6. Also, at the trailing 
edge of the space portion detection pulse from the 
decoder 6-4. the data retrieved from tiie cooling pattern 

35 table 6-9 are loaded in parallel in a fourth output shift 
register 6-12. At the same time, a serial output synchro- 
nous with the channel clock 3N (SfCLK) eight times 
higher is converted into an inverted cooling pulse signal 
COOLP-N tiirough a NOR gate 6-17 and a NAND gate 

40 6-1 8. A write request signal (write gate signal) WRTQ-P 
generated in the system controller is used as a permis- 
sion signal for tiie AND gates 6-15. 6-16 and the NAND 
gate 6-18. and tiie serial output of a third output shift 
register 6-1 lb is applied as tiie other input signal to the 

45 NOR gate 6-1 7. 

[0078] The above-mentioned three types of bit serial 
data signals WRTP2-P, WRTP1-P and COOLP-N are 
supplied to a laser driving circuit (block 7 of Fig. 13. 
described in detail later) thereby to generate various 

50 levels of laser driving signals. The contents of the pat- 
tern generating tables 6-7. 6-8. 6-9 can be updated from 
time to time by data transfer from the system control bus 
5-1 of the system controller (block 5 of Fig. 13). As a 
result, it is possible to change the cooling pulse, width 

55 Tc, etc. (Figs. 1 1 and 12) as required. 

[0079] Fig. 15 is a functional t^lock diagram showing 
the laser driving circuit (blod< 7 of Fig. 13). This circuit 
includes an automatic power control (APC) circuit 7-1 , 
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three driving current superposition circuits 7-2. 7-3, 7-4 
and four D/A converters (DAC) 7-5, 7-6, 7-7, 7-8. The 
output value Vr (target value of the laser power) of the 
APC D/A converter 7-5 is set by the data transfer from 
the system control bus 5-1 of the system controller 5 
(block 5 of Fig. 13). On the other hand, the output cur- 
rent Ir is supplied to the semiconductor laser 3-1 to gen- 
erate a laser beam, which is partially returned to a 
monitor photo-diode. Thus, a monitor current Ipd flows 
and is converted into a voltage by the operation of a w 
resistor R1 and an operational amplifier OPA2 (conver- 
sion voltage = -Ipd x R1). The resulting voltage is 
applied through a resistor R2 to an operational amplifier 
OPA1 and compared with the output voltage Vr of the 
D/A converter 5. Thus, the output current Ir Is controlled is 
in such a manner that the output voltage of the opera- 
tional amplifier OP/\2 (proportional to the intensity of the 
laser beam) is balanced with the above-mentioned volt- 
age Vr. The loop gain of the APC circuit is determined 
by the ratio between resistors R2 and R3, and the diode 20 
D1 is for blocking the reverse flow of the superposition 
current (described later). In the case where the inverted 
cooling pulse signal COOLP-N is at high level, on the 
other hand, an analog switch (ASW) SW1 is closed. 
Under this condition, the output voltage Vm of the first 25 
current superposition D/A converter 7-6 set by the data 
transfer from the system control bus 5-1 of the system 
controller (block 19 of Fig. 13) is applied to the base of 
the transistor Q1. Therefore, the erase power Pm (= 
second power level P2) shown by equation 1 below and 30 
the superposition current Aim are superposed on the 
output current Ir. 



Aim = (Vcc - Vm - 0.7) -s- R4 



(1) 



35 



[0080] Once the Inverted cooling pulse signal 
COOLP-N turns to low level, the analog switch (ASW) 
SW1 opens. Therefore, the transistor Ql turns off and 
the super-position current Aim ceases to flow. In similar 
fashion, when the first recording pulse signal (WRTP1- 40 
P) Is at high level, a superposition current Alhl (the 
superposition current for generating the preheat level 
power P5. Figs. 1 to 4) flows. When the second record- 
ing pulse signal (WRTP2-P) is at high level, on the other 
hand, a superposition current Alh2 (the superposition 45 
cun-ent for generating the laser power of third power 
level) flows. 

[0081] Fig. 16 is a time chart showing tiie operation 
described above. The serial signal Input WTDATA repre- 
sentative of a record waveform and In synchronism with so 
the channel clock CHCLK is applied to and sequentially 
shifted in tfie shift register SHR (6-1 In Fig. 14), so that 
pulse information corresponding to a first recording 
pulse signal "WRTP1-P" (output signal of tiie AND gate 
6-15 In Fig. 1 4) is set (loaded in parallel) in a shift regis- ss 
ter (6-10 In Fig. 14) of a lengtii corresponding to 3T (in 
this embodiment, of a 24 (= 8 x 3) bit length for a reso- 
lution of T/8) witii a timing of a mark portion detection 



signal ("01" output of tiie decoder 6-4 in Fig. 14) indicat- 
ing a change from a space portion to a mark portion. At 
the same time, pulse Information corresponding to a 
second recording pulse signal "WRTP2-P" (output sig- 
nal of the AND gate 6-16 In Fig. 14) constituting a mark 
portion forming signal or an information pulse section of 
tile energy beam pulse waveform and pulse information 
corresponding to a mark portion cooling signal (one of 
the input signals to tine NOR gate 6-17 in Fig. 14) are 
Individually set in shift registers (6-1 ia and 6-1 lb in Fig. 
14) of a lengtii corresponding to 16T (in tills embodi- 
ment, of a 32 (= 2 X 1 6) bit lengtii for a resolution of T/2). 
The Individually set data are then sequentially shifted to 
be outputted as WRTP1-R WRTP2-P and MSHR SO-2. 
respectively. In a similar fashion, a space portion cool- 
ing pulse information is set in parallel In a shift register 
6-12 of a length corresponding to 3T (in this embodi- 
ment, of a 24 (= 8 X 3) bit length for a resolution of T/8) 
with a timing of a space portion detection signal ("10" 
output of the decoder 6-4 in Fig. 1 4) indicating a change 
from a mark portion to a space portion. From a NOR 
output of the mark portion cooling signal "MSHR SO-2" 
and tiie output of tiie shift register 6-12 in the NOR gate 
6-17 in Fig. 14, pulse information "COOLP-N" is 
obtained. These three laser drive timing signals 
WRTP2-P, WRTP1-P and COOLP-N are applied to the 
laser driving circuit shown in Fig. 15, so tiiat a predeter- 
mined laser driving current ILD flows to produce a laser 
beam power as required. 

[0082] The laser driving circuit 7 shown in Fig. 1 5 may 
be partiy changed In such a manner that the used tran- 
sistors are of NPN type, circuitry for using a negative 
power supply is added and the above-rpentioned space 
portion cooling pulse signal is applied to the added cir- 
cuit. Thereby, a current subti-action circuit is formed, 
which facilitates realization of the waveform indicated by 
dotted line (laser driving current) shown in Fig. 16. 
[0083] Fig. 17 is an l-P (current versus optical beam 
power) characteristic diagram of a semiconductor laser 
(3-1 in Fig. 15) according to an embodiment of the 
Invention. When the laser current is Ir milliamperes, the 
laser beam power is Pr milliwatts. Superposition of Aim 
milliamperes on the current Ir leads to tiie laser current 
of Im milliamperes tiiereby to produce the laser beam 
power of Pm milliwatts (power level P2). When Aihl mil- 
liamperes is furtiier superimposed on Im, the laser cur- 
rent of Ihl milliamperes flows so tiiat the laser beam 
power assumes Phi milliwatts (power level P5). Simi- 
larly, when Alh2 milliamperes is superposed on Im, the 
laser current of Ih2 milliamperes flows, with the result 
tiiat the laser beam power assumes Ph2 milliwatts 
(power level P3). 

[0084] As described above, the information recording 
apparatus according to tills Invention comprises a 
record waveform generating circuit capable of setting 
and changing tiie preheat pulse width and the cooling 
pulse width In units of T/8. Therefore, the requirement of 
a high disk linear velocity is readily met. Further, a 
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highly accurate information recording beconnes possible 
in an information recording medium having various 
cooling rates. 

[0085] As an information recording apparatus, a delay 
circuit for delaying the trailing edge of a pulse reaching 
the third power level or the cooling pulse by a predeter- 
mined amount can be inserted between the record 
waveform generating circuit 6 and the laser driving cir- 
cuit 7 of Fig. 13, for example, in order to adjust the mark 
portion edge position. 

[0086] After the first pulse raised to the third power 
level, part of an area where the melting point is 
exceeded is liable to be cooled below the melting point, 
nucleated, and heated again by the succeeding pulse 
raised to the third power level. Thus, crystal grows, 
thereby often erasing the information. As described 
above in detail, however, the method of forming a mark 
portion of intermediate length by first raising power 
slightly before raising it to the third power level as 
between 5T and 7T or by reducing the power following 
the first record pulse only to a level slightly higher than 
the first record pulse, has the advantage of preventing 
the temperature drop to the nudeation tenperature, 
thus avoiding the above-mentioned phenomenon. After 
the last pulse of the third power level followed by a short 
space portion, the power is lowered for a slightly longer 
time or to a slightiy lower level. The last-mentioned 
method lengthens the actual succeeding space portion 
and reduces the adverse effect on the resolution of the 
beam spot especially in the case where the succeeding 
space portion is short. 

[0087] Specifically, the length of the immediately-suc- 
ceeding mark portion or space portion is included in the 
information providing a reference for determining the 
record waveform of the presentiy-formed mark portion 
or space portion. This is effective especially in the high- 
density recording in which a small residue (a residue in 
the bro^ sense of the word, including the effect of a 
previously-recorded signal pattern on the shape of a 
new mark portion) has a great effect on the jitter (or 
shift) at the mark portion edge of the reproduced signal. 
[0088] As described above, information is recorded 
using an energy beam pulse train for recording a mark 
portion, and the power level immediately following the 
first pulse is set to not lower than the power level imme- 
diately following each of the other pulses. By doing so. 
the width of the front part of the mark portion and the 
width of the rear part of the mark portion can be control- 
led independentiy of each other. This method, therefore, 
is suitable for highKJensity recording. In the case where 
the power level immediately following the first pulse is 
lower than the power level immediately following each of 
the other pulses, on the other hand, the energy amount 
radiated on tiie front part of the mark portion is insuffi- 
cient, and tiierefore the mark portion may assume tiie 
form of teardrop. 

[0089] Also, in the energy beam pulse train for record- 
ing a mark portion, the power level of the first pulse is 



increased as compared with the power level of the last 
pulse, and the power level immediately following the first 
pulse is set to not less than the power level immediately 
following each of the pulses other than the first pulse. In 
5 tills way, the requirement for a still higher density 
recording is met 

[0090] Controlling the power level of the first pulse 
and/or the power level of the pulse immediately follow- 
ing the first pulse is effective for controlling the shape of 

10 tiie front part of the mark portion. An especially great 
effect is exhibited if this control method is combined with 
the method of controlling the radiation energy of the 
cooling pulse effective for controlling the shape of the 
rear part of the mark portion. 

IS [0091] Further, if an information recording medium is 
used in which an amorphoi^ mark portion is recorded 
in crystal and crystal grains larger than those of the 
crystal exist around the mark portion, the width of 
recrystallized area can be easily controlled by the tem- 

20 perature reached and the cooling rate. Therefore, it is 
difficult for the mark portion to assume tiie shape of 
teardrop or inverse teardrop, tiiereby making it possible 
to suppress the size variations of the mark portion to a 
minimum. Thus, a reproduced signal ferthful to the 

25 record waveform is produced. Nevertheless, the 
present invention is applicable also to a recording 
medium of other characteristics such as the one wholly 
occupied by large crystal grains. 
[0092] Furthermore, since the cooling rate after 

30 recording a mark portion is different between the land 
and groove of the recording medium, the width of the 
low-power portion after the pulse train of the third power 
level can be differentiated according to whether the 
information is recorded in the grooves or on the lands. 

35 [0093] Also, with the energy beam pulse train for 
recording a mark portion, an especially low jitter value is 
obtained in the case where the energy of the energy 
beam charged in the first and last pulses is larger than 
the energy charged in the other pulses. This effect is 

40 conspicuous at the time of high-speed recording when 
the disk linear velocity is 9 m/s or more or at the time of 
high-density recording when the length of the shortest 
mark portion is not more than two third of the laser 
beam spot diameter 

45 [0094] As described in detail above, the cooling rate of 
the record film during and after radiation of the energy 
beam for forming a mark portion can be accurately con- 
trolled. Consequentiy. a medium capable of phase 
change between crystal and amorphous states (what is 

50 called a phase change recording medium) can be used 
for high-density recording of information. This is due to 
the fact that tiie shape of a mark portion recorded in the 
phase change recording medium depends very sensi- 
tively on the cooling rate of the record film after radiation 

55 of the energy beam. 

[0095] The width of the pulse in the above-mentioned 
energy beam pulse train for forming a mark portion or 
the width of the low-power portion (cooling pulse) follow- 
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ing the pulse train represents the time between a local 
minimum and a local maximum of the differentiation of 
the temporal change of energy in the energy beam radi- 
ated on the information recording medium. More pre- 
cisely, it represents the time between a local minimum 5 
and a local maximum of the time<liffferentiated signal of 
an overriding electrical signal (such an electrical signal 
as digitized for generating a record waveform). In the 
case where the time between a local minimum and a 
local maximum is quantized, the width of quantization is w 
called the puise width described above. Even in the 
presence of a minuscule fluctuation of the time between 
a local minimum and a local maximum of the temporal 
change of energy in the energy beam radiated on the 
information recording medium, the effects of the inven- is 
tion are not lost if the fluctuation is one of a minor nature 
considered to be solely caused by the quantization, 
[0096] The time referred to above is of course not the 
absolute one, but the time relative to the clock of the 
highest order (the channel clock. I.e. a dock corre- 20 
spending to the basic clock of the electrical signal 
immediately after passing an EFM modulator. 8-16 
modulator or the like). Therefore, in the case where the 
channel clock undergoes a change in accordance with . 
the relative speed between the energy beam and the 2s 
infornnation recording medium, the pulse width 
described above should be defined taking the relation 
with the changed channel clock into consideration. 
[0097] The power level described above indicates the 
one assumed to be sustained considerably long time in 30 
each pulse (within the time between a local minimum 
and a local maximum). In the case where the power 
level corresponds to the voltage level of an overriding 
electrical signal (such an electrical signal digitized for 
generating a record waveform), however, the particular 35 
correspondence is taken into account. 
[0098] Also, as described with reference to the forego- 
ing embodiment, the recording power can be prevented 
from increasing by recording information using a wave- 
form in which energy is distributed excessively to the 40 
leading part and the trailing part of the energy beam 
pulse train for recording the longest mark portion. Spe- 
cifically, In the pulse train for forming a mark portion, the 
power level immediately following the first pulse and the 
power level immediately before the last pulse are 45 
increased as compared with the power level following 
each of the other pulses. 

[0099] Further, in the energy beam pulse train for 
recording a mark portion, the power level immediately 
following the first pulse is set higher than the power level so 
following each of the pulses other than the first and last 
pulses but not higher than 200% of the second power 
level. Also, the shortest mark portion is recorded by two 
energy beam pulses, the second shortest mark portion 
is recorded by three energy beam pulses, and the third 55 
shortest mark portion is recorded by four energy beam 
pulses. In addition, the power level between the first and 
second pulses for recording the shortest mark portion. 



the power level between the first and second pulses for 
recording the second shortest mark portion, the power 
levels between the first and second pulses and between 
the third and fourth pulses for recording the third short- 
est mark portion are set between 50% and 170% inclu- 
sive of the second power level. 

[01 00] Furthermore, the power level between the sec- 
ond and third pulses for recording the second shortest 
mark portion and the power level between the second 
and third pulses for recording the third shortest mark 
portion are set to not more than 50% of the second 
power level. 

[01 01 ] By controlling the power levels described in the 
above two paragraphs, it is possible to improve the 
recording sensitivity, and particularly, signal quality after 
overwriting. 

[0102] An especially great effect of signal quality 
improvement is exhibited in the case where In the 
energy beam pulse train for recording a mark portion, 
the power level following the first pulse is higher than the 
power level following each of the pulses other than the 
first and last pulses but not higher than 200% of the sec- 
ond power level, or more preferably, between 50% and 
1 70% inclusive of the second power level. 
[0103] Also, in the case where a mark portion of a 
given length is recorded with three energy beam pulses, 
the power level immediately following the first pulse cari 
be set to the second power level. 
[01 04] Further, a method considered for improving the 
recording sensitivity other than those mentioned above 
consists in increasing the width of the first and last . 
pulses in the energy beam pulse train for recording at 
least the longest mark portion. In such a case, however, 
when recording the shortest mark portion or the second 
or third shortest mark portion, the distance between the 
first pulse and the last pulse becomes so short that the 
energy amount radiated per unit area becomes exces- 
sive as compared with when recording a comparatively 
long mark portion such as the longest ntark portion, with 
the result that a comparatively short mark is liable to be 
long as compared with the normal length. This problem 
is obviated by the following method, 
(a) At least the power level of the pulse for recording the 
shortest mark portion is lower than the power level of 
tiie second pulse for recording the longest mark portion, 
and/or: (b) At least the power level of the lowest-power 
one of the pulses for recording the shortest mark por- 
tion is lower than the power level of the second one of 
tile pulses for recording the longest mark portion but not 
lower than 75% of the power level of the lowest-power 
one of tiie pulses for recording the longest mark portion. 
[0105] In the case where at least the power level for 
recording the shortest mark portion is lower than the 
power level of any one of the pulses for recording the 
longest mark portion, tiie excessive amount of heat 
generated for recording the shortest mark portion can 
be reduced so that a normal length of the shortest mark 
portion can be secured. Further, in the case where the 
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power level for recording the second or third shortest 
mark portion is lower than the second power level for 
recording the longest mark portion, the excessive heat 
amount generated for recording the second or third 
shortest mark portion can be more preferably reduced 
thereby to secure a normal length of the second or third 
shortest mark portion, as the case may be. In the proc- 
ess, assume that the pulse level is increased with the 
increase of the length of the mark pprtion to be 
recorded. Then, the amourrt of energy radiated per unit 
area for recording all the mark portions is averaged out, 
and a normal length can be secured for all the mark por- 
tions, thereby making this method more suitable for 
high-density recording. 

[0106] Also, the quality of the reproduced signal is 
improved and the effect of lowering the power level is 
exhibited for recording the shortest mark portion as 
compared with any one of tiie power levels for recording 
the longest mark portion, in the case where the power 
level of the pulse for recording the shortest mark portion 
is not lower than about 75% of the power level of the 
lowest-power pulse for recording the longest mark por- 
tion. An especially great effect is produced when the 
power level for recording the shortest mark portion is 
between 85% and 95% inclusive of the power level of 
the second pulse for recording the longest mark portion. 
On the other hand, the effect of the invention is not pro- 
duced in the case where the power level for recording 
the shortest mark portion is lower than 75% of the 
power level of the second pulse for recording the long- 
est mark portion. 

[0107] In the energy beam pulse train for recording a 
mark portion, the width of the first and last pulses reach- 
ing the third power level is increased as compared with 
the width of those other than the first and last pulses 
reaching the third power level, and at least the power 
les/el of the pulse for recording the shortest mark portion 
is set lower than the power level of the second pulse for 
recording the longest mark portion. By using such a 
waveform, the recording sensitivity is improved and a 
superior recording operation can be performed. 
[0108] Also, the cooling pulse can be arranged after 
other power levels or, for example, the second power 
level for a short time, instead of immediately following 
the last pulse in an energy beam pulse train for record- 
ing a mark portion. 

Claims 

1. A method of recording information in a recording 
medium capable of being set in a first state at a sec- 
ond power level (P2) and in a second state at a third 
power level (P3) higher than said second power 
level of an energy beam, said energy beam and 
said recording medium being moved relatively to 
each other while radiating said energy beam on 
said recording medium thereby to record informa- 
tion in said recording medium in the form of length 



and interval of mark portions in said second state, 
comprising the steps of: 

irradiating said recording medium with an 
5 energy beam of a first power level (P1) lower 

than said second and third power levels before 
and/or after recording the information; 
irradiating said recording medium with one or 
more energy beam pulses including at least a 
10 pulse of said third power level {P3) when form- 

ing a mark portion in said second state: and 
irradiating said recording medium, before or 
after the first energy beam pulse of one or more 
pulses for forming said mark portion, with an 
IS energy beam pulse of a radiation energy larger 

in the case where said mark portion in said 
second state has a first length than in the case 
where said mark portion has a second length. 

20 2. A method of recording information according to 
Claim 1 , wherein in the case where a mark portion 
of the first length is formed, the energy beam radi- 
ated before the first pulse of one or more energy 
beam pulses for forming said mark portion is at a 

25 power level (P5) between said third power level and 
said second power level. 

3. A method of recording information according to 
Claim 1 , wherein in the case where a mark portion 

30 of said first length is formed, the power level (P6) of 
the interval between the first pulse and the second 
pulse of two or more energy beam pulses for form- 
ing said mark portion is higher than the power level 
(P4) of the interval between the pulses including the 

35 second and subsequent pulses. 

4. A method of recording information according to 
Claim 1, wherein a mark portion of the shortest 
length is recorded with a pulse of said third power 

40 level (P3). and a mark portion at least longer than 
said shortest length is recorded with two or more 
pulses including at least one pulse of said third 
power level. 

45 5. A method of recording information in a recording 
medium capable of being set in a first state at a sec- 
ond power level (P2) and in a second state at a third 
power level (PS) higher than said second power 
level of an energy beam, said energy beam and 

50 said recording medium being moved relatively to 
each other while radiating said energy beam on 
said recording medium thereby to record informa- 
tion in said recording medium in the form of length 
and interval of said mark portion in said second 

55 state, comprising the steps of: 

irradiating said recording medium with an 
energy beam of a first power level (PI) lower 
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than said second and third power levels before 
and/or after recording the information; 
irradiating said recording medium with one or 
more energy beam pulses including at least a 
pulse of third power level (P3) when forming s 
said mark portion in said second state; and 
irradiating said recording medium, in the case 
where a space portion following said mark por- 
tion in said second state has a first length, with 
an energy beam pulse of a smaller energy than io 
In the case where said space portion has a 
second length and at a power level lower than 
said second power level, after the last pulse of 
one or more energy beam pulses for forming 
said mark portion. rs 

A method of recording information according to 
Claim 5. wherein in the case where the length of the 
space portion following said mark portion in said 
second state Is the first length, the interval of the 20 
energy beam pulse radiated after the last pulse of 
said one or more energy beam pulses for forming 
said mark portion is longer than in the case where 
the length of said space portion is the second 
length. 25 

A method of recording information according to 
Claim 5, wherein in the case where the length of 
said space portion is said first length, the power 
level of the energy beam pulse radiated after the 30 
last pulse of said one or more energy beam pulses 
for forming the preceding mark portion is lower than 
in the case where the length of said space portion 
is said second length. 

35 

A method of recording information according to 
Claim 5, wherein a mark portion of the shortest 
length is recorded with a pulse of said third power 
level (P3), and a mark portion at least longer than 
said shortest length is recorded with two or more 40 
pulses Including at least a pulse of said third power 
level. 

A method of recording information in a recording 
medium capable of being set in a first state at a sec- 45 
ond power level (P2) and in a second state at a third 
power level (P3) higher than said second power 
level of an energy beam, said energy beam and 
said recording medium being moved relatively to 
each other while radiating said energy beam on so 
said recording medium thereby to record informa- 
tion In said recording medium In the form of length 
and interval of a mark portion in said second state: 

wherein the shortest one of mark portions in 55 
said second state is obtained by radiating one 
or more energy beam pulses of said third 
power level; 



wherein the longest one of mark portions in 
saki second state is obtained by radiating a 
plurality of energy beam pulses of said third 
power level; and 

wherein the power level of the pulse reaching 
the third power level for recording the shortest 
mark portion is higher than the power level of 
the first pulse for recording the longest mark 
portion. 

10. An apparatus for recording information in a record- 
ing medium capable of being set In a first state at a 
second power level (P2) and in a second state at a 
third power level (P3) higher than said second 
power level of an energy beam, comprising energy 
beam radiation unit (3) and moving unit (2) for mov- 
ing said energy beam and said recording medium 
relatively to each other, the information being 
recorded in said recording medium in the form of 
length and Interval of mark portions in said second 
state; 

saki apparatus furtiier comprising a record 
waveform generating circuit including first 
means for causing said energy beam radiation 
means to Irradiate said recording medium with 
a beam of a first power level (PI) lower tiian 
sakJ second and third power levels before 
and/or after recording information, second 
means for causing said energy beam radiation 
means to Irradiate said recording medium with 
one or more energy beam pulses Including at 
least one pulse of said third power level (P3) 
when forming a mark portion in said second 
state, and third means for increasing the radia- 
tion energy, before or after thjs first pulse of one 
or more energy beam pulses for forming sakI 
mark portion, more in the case where said 
mark portion In said second state has a first 
length than in the case where said mark portion 
In said second state has a second lengtii. 

1 1- An apparatus for recording information according to 
Claim 10, wherein said record waveform generating 
circuit, when forming a mark portion of tiie first 
length, generates a record waveform In which tiie 
power level of tiie energy beam radiated before the 
first pulse of one or more energy beam pulses for 
forming said mark portion Is at a power level (P5) 
between tiie third power level and the second 
power level. 

12. An apparatus for recording information according to 
Claim 10. wherein said record waveform generating 
circuit, when forming a mark portion of said first 
length, generates a record waveform in which the 
power level (P6) of the Interval between the first 
pulse and the second pulse of one or more pulses 
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32 



for forming said mark portion is higher than the 
power level (P4) of the Interval between the pulses 
including the second and subsequent pulses. 

13. An apparatus for recording information according to 
Claim 10. wherein said record waveform generating 
circuit generates a record waveform in which a 
mark portion of the shortest length is recorded with 
a pulse of the third power level (PS) and a mark por- 
tion at least longer than said shortest length is 
recorded with two or more pulses including at least 
a pulse of said third power level. 

14. An apparatus for recording information in a record- 
ing medium capable of being set in a first state at a 
second power level (P2) and in a second state at a 
third power level (PS) higher than said second 
power level of an energy beam, comprising energy 
beam radiation means (3) and moving means (2) 
for moving said energy beam and said recording 
medium relatively to each other, the Information 
being recorded In said recording medium In the 
form of length and interval of mark portions in said 
second state; 

further comprising a waveform generating cir- 
cuit including first means for causing said 
energy beam radiation means to irradiate said 
recording medium with a beam of a first power 
level (P1) lower than sakj second and third 
power levels before and/or after recording the 
information, second means for causing said 
energy beam radiation means to Irradiate said 
recording medium with one or more energy 
beam pulses including at least one pulse of 
said third power level (PS) for forming a mark 
portion in said second state, and third means 
for causing said energy beam radiation means 
to irradiate said recording medium, in the case 
where the space portion following a mark por- 
tion in said second state has a first length, with 
an energy beam of an energy smaller than in 
the case where said space portion has a sec- 
ond length, at a power level lower than said 
second power level after the last pulse of one 
or more energy beam pulses for forming said 
mark portion. 

15. An apparatus for recording information according to 
Claim 1 4, wherein in the case where the space por- 
tion following said mark portion in said second state 
has the first length, the duration of the energy beam 
pulse radiated after the last pulse of one or more 
energy beam pulses for forming said record mark is 
lengthened by said third means more than in the 
case where said space, portion has the second 
length. 



1 6. Ah apparatus for recording information according to 
Claim 14, wherein said record waveform generating 
circuit generates a record waveform in which the 
power level of the energy beam pulse radiated after 
the last pulse of one or more energy beam pulses 
for forming the preceding mark portion is lower in 
tiie case where said space portion has the first 
length than in the case where said space portion 
has the second length. 



70 



17. An apparatus for recording information according to 
Claim 1 4, wherein said record waveform generating 
circuit generates a record waveform in which a 
mark portion of the shortest length is formed with a 
15 pulse of said third power level (P3) and a mark por- 
tion at least longer than said shortest length is 
formed with two or more pulses including at least a 
pulse of the third power level. 

20 18. An apparatus for recording information in a record- 
ing medium capable of being set in a first state at a 
second power level (P2) and in a second state at a 
third power level (P3) higher than said second 
power level of an energy beam, conprising energy 

25 beam radiation means (3) and moving means (2) 
for moving said energy beam and said recording 
medium relatively to each other, the information 
being recorded In said recording medium in the 
form of length and interval of a mark portion in said 

30 second state; 

said apparatus further comprising a waveform 
generating circuit for generating a record wave- 
form in which said third power level (P3) for 

35 forming the shortest mark portion in said sec- 

ond state by radiating one or more energy 
beam pulses is set higher than the power level 
of the first pulse for forming the longest mark 
portion in said second state by radiating a pAu- 

40 rality of energy beam pulses. 

19. An apparatus for recording information in a record- 
ing medium capable of being set in a first state at a 
second power level (P2) of an energy beam and in 
45 a second state at a third power level (P3) higher 
than said second power level of the energy beam, 
the Information being recorded in said recording 
medium In the form of length and interval of a mark 
portion in said second state, comprising: 

50 

a system controller (5); 

means (2) for moving said recording medium 
relative to said energy beam; 
means (6) for generating a record waveform In 
55 which said recording medium is irradiated with 

an energy beam of a first power level (PI ) lower 
than said second and third power levels before 
and/or after recording tiie information, said 
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recording medium Is Irradiated with one or 
more energy beam pulses Including at least a 
pulse of the third power level (P3) for forming a 
mark portion, the power is lowered below said 
third power level between said pulses, the sec- 5 
ond power level (P2) is caused to be reached at 
least once in the space portion between the 
mark portions, and the radiation energy is 
Increased when forming a mark portion of a 
predetermined length as compared with when 10 
forming a mark portion of a different length 
before and/or after tfie first pulse of one or 
more energy beam pulses including at least a 
pulse for forming said mark portion; 
laser driving means (7) ; is 
an optical head (3); and 
reproduced signal amplifier means (4). 

20. A method of recording information in the form of 
space and mark portions on a recording medium 20 
capable of assuming first and second physical 
states corresponding to space and mark portions of 
Information, respectively, the recording medium 
being irradiated, to produce a length of a portion of 

the recording medium in tfie second physical state, 25 
with an energy beam being movable relative to the 
recording medium and being modulated to have 
power levels varying with time In a pulse waveform 
in accordance with a mark portion of information, 
wherein: qq 

said pulse waveform includes an information 
pulse section having at least one pulse serving 
to form a second physical state recording 
medium portion and a mark edge adjusting 35 
pulse section continuous with said information 
pulse section, said mark edge adjusting pulse 
section being cooperative with said information 
pulse section to define the length of said sec- 
ond physical state recording medium portion to 40 
be produced. 

21. A method according to claim 20. wherein each of 
the pulses included in said information pulse sec- 
tion has a tiiird power level (P3) higher than a sec- 45 
ond power level (P2) witii which said information 
pulse section starts and each of pulse intervals 
between the third power level pulses has a fourth 
power level (P4) lower tiian the second power level 
and higher than a first povyer level (PI) at which the so 
energy beam is teplfor Information reading. 

22. A metiiod according to claim 21 . wherein said infor- 
mation pulse section has at least tiiree pulses, and 
said mark edge adjusting pulse section has a lead- ss 
ing edge adjusting pulse Immediately following a 
first occurring one of said at least three pulses of 
said information pulse section and continuous with 



a second occurring one of said at least three pulses 
of said information pulse section, said leading edge 
adjusting pulse has a sixtii power level (PS) higher 
than the fourth power level. 

23. A method according to claim 21 , wherein said mark 
edge adjusting pulse section has a leading edge 
adjusting pulse immediately preceding and continu- 
ous with said information pulse section. 

24. A method according to claim 23, wherein said lead- 
ing edge adjusting pulse has a fifth power level (P5) 
higher than said second level and lower tiian said 
tiiird level. 

25. A method according to claim 24, wherein the fiftii 
power level of said leading edge adjusting pulse is 
substantially in a range from 0. 1 % to 36.4% of a dif- 
ference between the third power level and tiie sec- 
ond power level. 

26. A method according to claim 23, wherein said mark 
edge adjusting pulse section further has a trailing 
edge adjusting pulse immediately following and 
continuous with said Information pulse section. 

27. A metiiod according to claim 26, wherein said trail- 
ing edge adjusting pulse has a power level and a 
duration that define a minimum energy of the 
energy beam when a space portion following a 
mark portion has a second shortest length among 
lengths of space portions. 

28. A metiiod according to claim 26, wherein said trail- 
ing edge adjusting pulse has an eleventh power 
level lower than said second power level and ending 
with said second power level. 

29. A method according to claim 21 , wherein said mark 
edge adjusting pulse section includes a trailing 
edge adjusting pulse immediately following and 
continuous with said information pulse section. 

30. A method according to claim 29, wherein said trail- 
ing edge adjusting pulse has a power level and a 
duration that define a minimum energy when a 
space portion following a mark portion has a sec- 
ond shortest length among lengths of space por- 
tions. 

31 - A method according to claim 21 , wherein said infor- 
mation pulse section has at least three pulses, and 
said mark edge adjusting pulse section has a lead- 
ing edge adjusting pulse immediately preceding 
and continuous with a latest occurring one of said at 
least three pulses of said information pulse section, 
said leading edge adjusting pulse has a tenth level 
(PI 0) higher tiian a power level of intervals 
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between the third power level pulses. 

32. A method of recording information in the form of 
space and mark portions on a recording medium 
capable of assuming first and second physical s 
states corresponding to space and mark portions of 
information, respectively, the recording medium 
being irradiated, to produce a length of a portion of 
the recording medium in the second physical state, 
with an energy beam being movable relative to the io 
recording medium and being modulated to have 
power levels varying with time In a pulse waveform 

in accordance with a mark portion of information, 
wherein: 

15 

said pulse waveform includes an information 
pulse section having at least two pulses serv- 
ing to form a second physical state recording 
medium portion, a latest occurring one of said 
at least two pulses of said information pulse 20 
section has a ninth power level (P9) lower than 
those of the other pulses of said at least two 
pulses of said information pulse section. 

33. A method according to claim 32, wherein said infor- 25 
mation pulse section has at least three pulses, and 
the pulses between first and latest occurring ones 

of said at least three pulses of said information 
pulse section has a seventh power level (P7) higher 
than those of said first and latest occurring pulses 30 
of said information pulse section. 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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FIG. 6 
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FIG. 7 
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FIG. 9 A 
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FIG. 10 A 
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FIG. II 
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FIG. 12 
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FIG. 13 
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FIG. 14 
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FIG. 15 
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